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There has been much attention given to conjugated polymers
such as polyacetylenes, poly(pyrrole)s, poly(phenylenevinyl-
ene)s, Polyphenylacetylene and poly(9,9-dialkylﬂuorene)s as
functional materials (Lee et al., 2003; Jin et al., 2003, 2004;
Tkachenko et al., 2004). Among these polymers, the polyacety-
lene (CH)X has attracted special attention. First, (CH)X is
chemically the simplest conjugated polymer with conjugated
bonds of p-electrons and can, therefore, serve as a model for
other conjugated polymers. Since the discovery of conducting
organic polymers (COPs) in 1977 (Chiang et al., 1977), the stable
p-doped COPs with high conductivity are common (Huang and
Pickup, 1998). The polymers having a conjugated backbone are
expected to show unique properties such as electrical conductiv-
ity, paramagnetism, migration and transfer of energy, colour,
and chemical reactivity and complex formation ability (Masuda
and Higashimura, 1981). Because of these properties, polyacet-
ylene and its homologues have been promising as organic semi-
conductors (Gal et al., 2004), as membranes for gas separation
and for liquid mixture separation (Nagai et al., 2001), as chiro
optical materials (Teraguchi et al., 2003), as materials for non-
linear optical property (Labidi and Djebaili, 2010; Giorgetti
et al., 2003; Labidi et al., 2011) and for photoluminescence
and electroluminescence properties (Tkachenko et al., 2004;
Gal et al., 2003). In contrast with pure polyacetylenes (PA),
substituted polyacetylene (PAs) have received much less atten-
tion. Therefore, it is unclear up to now what changes in the elec-
tronic structure, band-gap width, conductivity, polarizability
and hyperpolarizability, occur afterr-substitution of the hydro-
gens in the polyacetylene (PA) chains. Undoubtedly such
knowledge might be useful in the search for new highly func-
tional polymers based on polyacetylene. Properties of these
polymers are due to electron delocalization along the chain.
The conformational transitions of the substitutedCis-transoidal
form to the Trans-cisoidal form has not been considered in the
literature, to our knowledge, the only results that have appeared
in the literature are calculations on the electronic structure of
PFA (C2HF)X, PDFA (C2F2)X (Yamabe et al., 1980) (CF)X
(Metzger andWelsh, 1984a,b) and (CC1)X (Metzger andWelsh,
1984a,b), which have been carried out using the crystal orbital
(CO) approach in the framework of semi-empirical schemes
(EHT). Trans-polyenes C10H10X2 and C10H8X4, where
X = Li, BeH, F, BH2 or NH2 (Ulitsky et al., 1988). In our best
knowledge no theoretical studies have been reported on calcula-
tions of the kinetic and thermodynamic parameters for substi-
tuted polyacetylene (F, Cl, Br and I). The need to simulate
large-sized molecules or to deal with large series of compounds
is a challenging topic in computational chemistry. The parame-
ters for theCis toTrans isomerization are less certain butmay be
estimated from quantum chemical calculations. Bearing these
factors in mind, we became intrigued by conformational
structure, kinetic and thermodynamic properties of these
substituted compounds. For these motivations we address
in this paper the kinetics and thermodynamic parameters
of the Cis to Trans isomerisation in gas phase of thesubstituted polyacetylene (F, Cl and I) using accurate Ab
initio and DFT methods. We investigate also the geometries
and conformations of the compounds, the interconversion
rate constants (k) from reaction temperatures (T) and activa-
tion barriers (DEbarrier) provided by transition-state theory
(CTST). Temperature effects on the rate constant of substi-
tuted polyacetylene (PAs) and substituents effects on the
activation energy (Ea) are also discussed.
2. Methods
The molecular structures were optimised at HF and density
functional theory (DFT) level using the B3LYP exchange–cor-
relation functional (Becke, 1988; Zalesny et al., 2007; Skwara
et al., 2007) under the condition that the residual forces are less
than 105 au (tight keyword). Energies and molecular geome-
tries were evaluated at different levels of approximation. All
calculations were made using Gaussian 03 (Frisch et al.,
2003). The potential plot for interconversion and Kinetic and
thermodynamic parameters for the substituted polyacetylene
(PA) were performed using the Hyperchem’08 software
(HyperChem, 2009). Fig. 1 shows molecular geometries of
the substituted Cis and Trans polyacetylene.
3. Results and discussion
3.1. Basis set effects on energies
To establish an appropriate computational method for study-
ing the geometric and electronic proprieties for the substituted
polyacetylene (Fig. 1), we compared different basis set at the
Hartree Fock (HF) and B3LYP level of theory for the
Trans-C10H12. The results of the calculated total energies and
Egap are given in Table 1.
The calculated results of energies, presented in Table 1
show that the largest basis set cc-pVTZ and the smallest
one 6-31G produced, respectively, the largest and the small-
est value of total energy. The addition of d-polarization
function tends to decrease the value of Etotal, while the p-
polarization functions have a little impact on its reduction.
Going from double-f to a triple-f this leads to a reduction
in Etotal except when the diffuse functions are added. The re-
sult obtained by using cc-pVDZ basis set is very close to the
limit HF and is taken as reference. It can be concluded that
the diffuse and polarization functions have opposed tenden-
cies for the values of Etotal. It is interesting to underline the
good agreement between the results obtained by the
6-31 + G(d), 6-31G(d, p) and 6-31 + G(d, p) basis sets
and the largest cc-pVDZ, since they offer a good approxi-
mation and constitute the best compromise between the pre-
cision and the costs of calculations. It is interesting to recall
that the split valence 6-31G basis set has usually been em-
ployed in ab initio calculations of geometric and electric
properties of the conjugated polymeric chains except for zinc
and iodine substituents (Zhu et al., 2002; Champagne et al.,
2002; Fonseca et al., 2001; An and Wong, 2001).
Table 1 Basis set effects on calculated energies at HF and DFT level for Trans-C10H12 molecule.
Basis set Etotal (eV) Egap (eV)
HF B3LYP HF B3LYP
STO-3G(d,p) 10363.91150 10434.16352 10.96 3.89
6-31G 10488.65577 10561.63401 9.03 4.31
6-31G(d) 10492.41280 10563.90001 9.30 3.32
6-31+G 10489.00713 10562.11192 8.78 3.26
6-31+G(d) 10492.78104 10564.38821 9.00 3.26
6-31G(d,p) 10492.99199 10564.41876 9.29 3.32
6-31+G(d,p) 10493.36659 10564.90875 8.98 3.26
6-311G 10490.50554 10563.93755 9.01 3.34
6-311G(d) 10494.33875 10566.20695 9.25 3.33
6-311G(d,p) 10494.92495 10566.77115 9.24 3.33
6-311+G 10490.61809 10564.05410 8.86 3.31
6-311+G(d) 10494.46033 10566.33066 9.07 3.30
6-311+G(d,p) 10495.03555 10566.88887 9.05 3.30
cc-pVDZ 10493.38261 10564.52449 9.21 3.29
cc-pVTZ 10496.16151 10567.91566 9.24 3.33
*
*
X
X=H
X=F
X=Cl
X=I
4
5
6
7
8
9
10
XXX
HHH
H
n
34
56
78
2
H
XX
9
H H H
Conformation TransConformation Cis
3
2
1
H
X
H
X
X
HXH
HXH
X
X
X
H
X
H
10
H
X X
1
X
H
X
X
XH
H X H
X
H X X
H
H
Figure 1 Schematic representation of the structure of Cis and Trans substituted polyacetylene.
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The calculated energies of substituted Cis and Trans confor-
mations C10H6X6 with (X = Cl, F and I). are given in Table 2,
which assembles the computation results at HF and DFT/
STO-3G (d,p) of total energies Etotal and Egap.
The results in Table 2 show that the Trans conformations of
substituted molecules are at least stable than those of the Cis
conformations. The substitution of an atom of halogens (Cl,
F and I) in the polyacetylene molecules: (i) increases molecular
energy; (ii) decreases the energy gap between the two molecular
orbitals HOMO–LUMO. The order of stability according to
the energies’ values is as follows: EC10H6F6 > EC10H6Cl6 >
EC10H6I6.
Ab initio calculations reported by Salzner (2003) have
shown that, in gas phase, ﬂuorinated polyacetylenes can pos-
sess either twisted or planar conformation, with the former
being more stable than the latter one. It is important to note
that for all substituted molecules a good agreement was foundbetween the energies’ values calculated by the two methods at
STO-3G (d,p) levels, where the ratio Etotal(HF/B3LYP  1).
An excellent qualitative tendency is considered also for the
Egap by the HF and DFT methods.
3.3. Geometries and conformations
The molecular structures of unsubstituted Trans- and Cis-
1,3,5-hexatriene (C6H8) calculated at the HF/6-31G, and
B3LYP/6-31G levels are shown in Table 3. The numbering
of atoms is given in Fig. 2.
As expected, small differences between the experimental re-
sults and those calculated at B3LYP/6-31G and HF levels can
be seen in the C‚C and C–C bond lengths, bond angle
C1C2C3 and C3C4C5, dihedral C1C2C3C4 and C3C4C5C6. The
extent of differences in the bond lengths between the three the-
oretical levels is very similar for the Trans and isomers. The
bond angles h(C1C2C3) and h(C3C4C5) between the carbons
in the Cis hexatriene conformer are strained because of the
Table 2 Calculated Etotal and Egap (eV) for Cis and Trans substituted C10H6X6 with (X = Cl, F and I) using HF and DFT at STO-3G
(d,p) level.
Conformer HF/STO-3G (d,p)
Trans Cis
Etotal Egap Etotal Egap
C10H12 10363.91150 10.96 10363.5671 10.98
C10H6Cl6 84491.94655 10.20 84491.20109 10.30
C10H6F6 26275.69597 10.42 26275.43426 10.47
C10H6I6 1128779.64776 3.98 1128779.272 5.14
B3LYP/STO-3G (d,p)
Trans Cis
C10H12 10434.16352 3.89 10433.79409 3.81
C10H6Cl6 84657.06873 3.39 84656.45324 3.44
C10H6F6 26399.11122 3.18 26398.95388 3.19
C10H6I6 1129197.98500 3.40 1129197.213 3.97
Table 3 Calculated molecular structures of Trans- and Cis-1,3,5-hexatriene.
Parameters Conformer
Trans-1,3,5-hexatriene Cis-1,3,5-hexatriene
HF B3LYP Expa HF B3LYP Expb
C2C3 1.460 1.452 1.457 1.462 1.454 1.462
C1C2 1.329 1.347 1.337 1.329 1.348 1.336
C3C4 1.334 1.356 1.367 1.337 1.359 1.362
C1H7 1.072 1.085 1.103 1.073 1.085 1.090
C1H8 1.075 1.087 1.103 1.075 1.087 1.090
C3H10 1.077 1.091 1.103 1.076 1.089 1.090
C1C2C3 124.4 124.5 121.7 123.5 123.6 122.1
C3C4C5 124.2 124.3 124.4 127.1 127.0 125.9
C5C6H14 121.7 121.8 120.5 121.7 121.9 124.0
C3C4H11 119.4 119.0 120.5 117.7 117.7 124.0
C1C2H9 119.3 119.2 117.0 118.7 118.6 116.9
C4C3H10 119.4 119.0 115.0 117.7 117.7 118.0
C1C2C3C4 180.0 180.0 – 180.0 180.0 –
C3C4C5C6 180.0 180.0 – 180.0 180.0 –
In units of A˚ (bond lengths) and degrees (bond angles).
a Turner et al. (1973).
b Traetteberg (1968).
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Figure 2 The numbering of atoms employed in Table 3 to
describe optimised structure of (a) Trans-1,3,5-hexatriene and (b)
Cis-1,3,5-hexatriene.
440 A. Djebaili, N.S. Labidisteric interactions between the inner hydrogens on the ends of
the molecules. The steric interactions result in larger carbon–
carbon bond angles in both Trans hexatriene than in Cis hexa-
triene. It is important to note that a good agreement was foundbetween experimental values bond lengths, bond angles and
values calculated by the DFT level. The calculated ratio con-
sidered is (R= EXP/B3LYP/6-31G). For the (C‚C) double
bond R= 1.02, and for (C–C) single bond the calculated ratio
is R= 1.01). However, for valence angles the ratio varies be-
tween R= 0.97 to 1.04.
For both Trans and Cis-hexatriene we found a planar C1
structure at the HF and DFT levels of calculation, while the
experimental data (Turner et al., 1973) suggest non-planar
structure with a dihedral angle of 10 degrees around the cen-
tral C‚C double bond. The calculated torsional potential
curves around both central C‚C double bond and the C–C
single bond are very ﬂat in the range between 10 and 10 de-
grees. This fact allows the effective relaxation of steric repul-
sion. The heat of formation of Trans-hexatriene is 1.86 kcal/
mol less than the Cis-hexatriene. The differences in the heats
of formation of the conformers are approximately equal to
the strain energies in Cis structures EAngle = 1.83 kcal/mol
(MM+).
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Figure 4 Substituted hexatriene (C6H5F): energy vs dihedral
angle.
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double bond of hexatriene was calculated using optimised
geometry at B3LYP/631+G(d) basis set. The potential plot
was performed with a complete geometry optimization every
5 for a 360 rotation around the carbon-carbon double bond
in Hexatriene. Fig. 3 shows a graph of the calculated energy
versus dihedral angle for hexatriene. We note a substantial en-
ergy difference (1.90 kcal/mol) between the Trans and the Cis
conformers of hexatriene. Fig. 3 also conﬁrms the inexistence
of other conformer. (Liu and Zhou, 1993) have found a planar
C2v structure at the HF,MP2 and CASSSCF levels of calcula-
tions with two possible Cis/Trans isomers with respect to the
C‚C bond. For each of them, the rotation around the C–C
bonds can lead to s-trans and gauche conformations. The
gauche-trans-trans, trans-cis-trans and gauche-cis-trans con-
formers have been found to be 3.0, 2.0 and 5.1 kcal/mol (Panc-
henko et al., 1992).
(Guo and Karplus, 1991) have studied the potential energy
corresponding to the rotation around the C–C (gauche confor-
mation) bond of butadiene at theMP3/6-31G* level,they found
that this conformation is 2.6 kcal/mol higher than the most sta-
ble s-trans conformation, in excellent agreement with the exper-
imental value of 2.7 kcal/mol (Durig et al., 1975). Several
calculations have been reported comparing a variety of compu-
tational methods (Fabiano and Della Sala, 2006), calculated
rotational barriers range from 2.5 to 4.0 kcal/mol with the most
accurate calculations providing a reasonable estimate within
(0.5 kcal/mol of the 3.10 kcal/mol experimental barriers).
The potential plot was used also to predict the reversal of
the conformational preference of hexatriene to the Cis con-
former by placing a suitable substituent on the molecule. In
this study, a ﬂuorine atom placed at the 3-position in hexatri-
ene changed the conformational preference of hexatriene to the
Trans form. Fig. 4 shows a graph of energy versus dihedral an-
gle for C10H11F calculated using Hyperchem.
Fig. 4 shows that the conformational preference switched to
the Trans conformer when a ﬂuorine atom was attached to the
3-position C3‚C4.The calculations for C10H11F show that the
Trans conformer is substantially favored over the Cis struc-
ture. The calculated heat of formation for the Trans conformer
is 0.92 kcal/mol lower than the Cis structure. The differences in
heat of formation between the three conformers are approxi-
mately equal to their differences in strain energy 2.15 kcal/mol.
In order to investigate the effects of substituents on poly-
acetylene geometry, we determined the bond length alternation E
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Figure 3 Hexatriene energy vs dihedral angle.factor (BLA) in the middle of the molecule Table 4 which rep-
resents the difference between the length of the simple and
double bonds in the medium of the molecule (BLA=
R(CC) – R(C=C)) (Perpe`te and Champagne, 1999).
Table 4 shows the degree of alternation (BLA) for opti-
mised Cis and Trans conformers (Fig. 1) using HF and
B3LYP/STO-3G(d,p). According to the substituents effects
great structural changes are produced. As expected, the central
C‚C bonds are longer in all substituted systems than that in
the unsubstituted hexatriene. Furthermore, this bond is always
shorter in the Trans than in the Cis isomer. The B3LYP/STO-
3G(d,p) results ﬁrst show that halogens acted to reduce the
length of the double bond and to increase the length of the sim-
ple bonds. As a result, the bond length alternation (BLA) in
the middle is decreased by Dl= 0.0284, 0.0201 and 0.0105 A˚
for Trans conformers (C10H6F6, C10H6Cl6 and C10H6I6,
respectively). The same tendency was observed for the Cis con-
formers where the BLA in the middle is decreased by
Dl= 0.0349 and 0.0176 A˚ for C10H6F6 and C10H6Cl6, respec-
tively. In all cases, Halogens substituents reduce the double
bond character and consequently the BLA values, yielding
dipolar species. The unit cell of Trans-PA consists only of
one –CH‚CH– segment, whereas a unit cell of Cis-PA con-
sists of two –CH‚CH– segments as shown in Fig. 1. This
makes the conjugation length of the Trans polyene P-system
longer than that of the Cis polyene. This demonstrates that
the translational symmetry of Trans-polyacetylene is higher
than that of Cis-polyacetylene. Clearly, the higher the transla-
tional symmetry, the higher is the delocalizability and smaller
the BLA. As regards to these substituted molecules, we are
able to propose a decreasing classiﬁcation, relatively to the
BLA. The established order is as follows: (i) Cis substituted
conformation: BLA (C10H6I6) > BLA (C10H6Cl6) > BLA
(C10H6F6). (ii) Trans-substituted conformation: BLA (C10H6I6) >
BLA(C10H6Cl6) > BLA (C10H6F6). The comparison of
the BLA values (Fig. 5) for Cis and Trans-substituted
polyacetylene (Cl, I and F), conﬁrms that independently of
the substituted halogens, the alternation degree of Cis-
conformations remains higher than those of the Trans ones:
BLA(Cis) > BLA(Trans).
Table 4 Calculated HF and DFT bond length and BLA (A˚) for Cis and Trans-C10H6X6 conformations.
System HF/STO-3G (d,p)
Cis-C10H6X6 Trans-C10H6X6
C4–C5 C5 = C6 BLA C4–C5 C5 = C6 BLA
C10H12 1.4852 1.3250 0.1602 1.4789 1.3248 0.1542
C10H6Cl6 1.4982 1.3480 0.1502 1.4882 1.3456 0.1425
C10H6F6 1.4881 1.3448 0.1433 1.4844 1.3415 0.1428
C10H6I6 1.5052 1.3244 0.1808 1.4950 1.3415 0.1535
B3LYP/STO-3G (d,p)
C10H12 1.4744 1.3666 0.1077 1.4670 1.3668 0.1002
C10H6Cl6 1.4846 1.3945 0.0901 1.4732 1.3931 0.0801
C10H6F6 1.4756 1.4028 0.0728 1.4724 1.4006 0.0718
C10H6I6 1.4977 1.3687 0.1289 1.4774 1.3877 0.0897
442 A. Djebaili, N.S. Labidi3.4. Interconversion and barriers
According to Baker (1986) a suitable approximation of the
favourable path of a chemical reaction is given by the eigenvec-
tor-following transition state search, which is deﬁned as the
maximum energy along a reaction coordinate on a potential
energy surface. A transition structure is characterized by the
point where all the ﬁrst derivatives of energy with respect to
the variation of geometrical parameters are zero and the sec-
ond derivative Hessian matrix, has one and only one negative
eigenvalue (Banerjee et al., 1985). Canonical transition-state
theory (CTST) provides a simple tool for predicting intercon-
version rate constants k from reaction temperatures T and
activation barriers DE:
K ¼ Ah e
DEZP
RT ð1Þ
where
Ah ¼ kBT
h
e
DS
R ¼ kBT
h
Q1
Q2
ð2Þ
The partition functions at the transition state Q2 and at the
reactant geometry Q1 are calculated as the product of the rota-
tional and vibrational partition functions at the given temper-
ature. Calculated vibrational frequencies for substituted and
unsubstituted conformer and transition state may be used to
estimate Ah directly from Eq. (2) in the limit of harmonicC10H6Cl6 C10H6F6 C10H6I6
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Figure 5 HF/STO-3G (d,p) BLA for Cis and Trans substituted
polyacetylene.potentials. The rate constants predicted at different tempera-
ture values are shown in Fig. 6.
Fig. 6 shows Arrhenius plot of ln k versus (1/T) for the Cis-
to-Trans isomerization. The Arrhenius plot of ln k versus (1/T)
was found to be linear (Fig. 6) with a positive slope for
C10H6Cl6 and C10H6F6, with the exception for the substituted
iodine hexatriene, the B3LYP/STO-3G(d) activation energy
(Ea) was computed to be 17.30, 24.44, 23.98, 37.82 kcal/mol
for C10H12, C10H6Cl6, C10H6F6 and C10H6I6, respectively.
The results ln k versus (1/T) were subjected to regression anal-
ysis and the output results of the regression analysis are sum-
marized in Table 5. As noted in this table, unsubstituted
polyacetylene (C10H12) and substituted (C10H6I6) gives the best
correlation coefﬁcient.
Table 6 shows bothAb initio andDFT calculated kinetic and
thermodynamic properties of substituted and unsubstituted
polyacetylene chain. Calculated value of Arrhenius prefactor
Ah = 2.51 · 1017 s1 for unsubstituted conformer in the tem-
perature range investigated here is slightly lower than the value
of Ah calculated for the substituted conformer (C10H6F6,
C10H6Cl6 and C10H6I6) ranging from Ah = 6.63 · 1018 to
4.01 · 1025 s1. However the equilibrium Arrhenius prefactor
(Ah) is an order of magnitude smaller for C10H6F6
(6.63 · 1018) than the other substituted conformer (C10H6Cl6
and C10H6I6) resulting in an absolute rate of decay that is faster
for C10H6F6 than the other substituted conformer. The range of
values for Ah estimated by transition-state theory for Cis to0.0010 0.0015 0.0020 0.0025 0.0030 0.0035
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Figure 6 Arrhenius plot of ln k versus (1/T) for substituted
polyacetylene.
Table 5 Linear regression coefﬁcients (R) for substituted polyacetylene as function of temperature.
System Linear regression (Y= A+ B.X) Correlation coeﬃcient (R)
C10H12 Lnk = 10.3335  9941.89189 (1/T) 0.95267
C10H6Cl6 Lnk = 297.745 + 12648.64865 (1/T) 0.89342
C10H6F6 Lnk = 182.479 + 11664.86486 (1/T) 0.91135
C10H6I6 Lnk = 24.3385  15739.18919 (1/T) 0.95504
Table 6 HF and DFT calculated kinetic and thermodynamic parameters for substituted polyacetylene. Energies are in kcal/mol.
Reaction Cis to Trans HF/STO-3G(d)
Ah (s
1) Ea DEbarrier DEisom DEisom(HF/DFT)
C10H12 2.51 · 1017 14.76 20.52 5.77 1.19
C10H6Cl6 2.98 · 1020 25.14 17.99 7.38 2.46
C10H6F6 6.63 · 1018 23.52 22.14 1.38 0.50
C10H6I6 4.01 · 1025 30.21 28.13 2.08 0.47
B3LYP/STO-3G(d) DEbarier(DFT-HF)
C10H12 2.99 · 1017 17.30 22.14 4.84 0.07
C10H6Cl6 7.34 · 1020 24.44 21.68 3.00 0.16
C10H6F6 3.35 · 1018 23.98 21.45 2.77 0.03
C10H6I6 1.88 · 1025 37.82 33.21 4.38 0.22
Comparative study of kinetics isomerizationof substituted polyacetylene (Cl, F and I) 443Trans single bond isomerization is an order of magnitude higher
than the value of 6 · 1013 s1 determined from the data obtained
in alkane solvents (Harris et al., 2006).
Compounds with the large barrier energy value produce the
larger rate constant K value. It could be interesting to synthe-
size compounds with F and Cl substituent having the lowest
barrier energy (DEbarrier) values. It can be seen from Table 6
that, the substitution of iodine atoms, C10H6I6, makes greater
barrier energy changes due to the steric interaction as com-
pared to the unsubstituted PA, the ratio R= DEbarrier
(C10H6I6)/DEbarrier (C10H12) is about 1.37 times larger. The
barrier heights (ETSEtrans) are expected to be sensitive probe
for the magnitude of halogens effects. The isomerization ener-
gies are positive in all cases this means that the Trans form is
more stable than the Cis. This was attributed to better conju-
gation of the halogens atoms lone pair with the p-system of
C‚C double bond in the Cis form. The enhanced relative sta-
bility of the Trans isomer can be explained by intramolecular
hydrogen bonding. A proton on the hexatriene chain and
one substituted terminal halogens form hydrogen bond in
the trans isomer. The ClÆÆÆH distance is only 2.365 A˚ in
Trans-C10H6Cl6 isomer. The FÆÆÆH terminal distances are
2.054 and 2.071 A˚ in Trans-C10H6F6, well within the range
of a hydrogen bond. In the Trans-C10H6I6, the geometry is less
favourable for hydrogen bonding. However, the IÆÆÆH distance
is 2.693 A˚. The isomerization energies are expected to be lar-
gely determined by steric interactions and they are relatively
small in all cases. It is important to say that the B3LYP density
functional calculation predicts a higher barrier for the Cis to
Trans isomerisation in agreement with the results of Henseler
et al. (1999), Pullen et al. (1997) and Fabiano and Della Sala
(2006) for both butadiene and hexatriene.
4. Conclusion
The kinetics of the Cisﬁ Trans isomerizaton of the substituted
polyacetylene in the vapour phase was studied by ab initio and
DFT as a function of temperature. The results suggest that thestraightforward kinetics characterizing the majority of
substituted polyacetylene isomerizations above 300 K also
apply to unsubstituted polyacetylene as reference. At these
temperatures the isomerization proceeds by rotation with
the activation energy of 17.30 kcal mol1 and a frequency
factor of 2.99 · 1017 s1. However, the value of the activa-
tion energy is very structure dependent, as shown by the
excellent correlation between (1/T) and the rate constant
(ln K) of the substituted polyacetylene. The density func-
tional calculation at B3LYP exchange–correlation functional
predicts a higher barrier for the Cis to Trans isomerisation
than the HF results.
Theoretical calculation on target hexatriene (C6H6) and
substituted Hexatriene (C6H5F) in the gas was also performed
based on the MM+ method. Overall, the Cis to Trans isomer-
ization is predicted to take place through rotation around the
C(3) = C(4) bond. Furthermore, the calculated energy barriers
are found to be inﬂuenced by the size and electronic character
of the substituted halogens.Acknowledgements
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